This paper discusses mathematically the eddy currents in an infinitely long (or toroidal) 
The resulting formulas are applicable in problems connected with loading coils in communication circuits, with ignition apparatus, etc.
If a current 7(0 flows in a circuit with A'' turns per cm in a long solenoid whose core consists of a bundle of A''' long straight wires of circular section, the magnetic field H is parallel to the wires and has the value of 47r7(i) at all points in the air space, and hence over the surface of each wire. The field H{r, t) at time t at any point in a wire a distance r from its center is then connected with the external current by the relation H{rt)'=4:irN where a is the radius of the core wire, Ob is the s*^positive root of the Bessel's function Jo(a) and /3 is a characteristic of the core wire defined by /3 = 47r/iXa2, where /x is its magnetic permeability and X is electrical conductivity. From this equation, by integration, the induced electromotive force by which the core reacts upon the current I{t) may be computed, and this shows that the progress of the current I{t) is determined by the integro-differential equation CO V{t) where the applied emf is V (t), the resistance of the circuit R, its series capacity C with charge Q (t) . The total inductance of the circuit is L and € is a ratio defined by 6=1 J^w here Sfi is the total cross-sectional area of core wires. This shows that when the applied emf V (t) is periodic wuth frequency jc-the circuit acts as if its resistance were R' and inductance U where R' and U are functions of the frequency given by -= -(l-€)Fi (n^) and^^= (1-€)F2 (n/3) 701 [ voi. 21 where the functions Fi 
The solution of (1) with the boundary condition (2) for the case where
is readily found to be 4:irNjJ^-yJ-in^Ĵ^K
=4.Trfi\a^ (5) and Jo is BessePs function of order zero.
The general solution of the problem, where 7(0 is an arbitrary function, which may be represented by the Fourier integral identity The current 7(0, however, will be influenced by ihQ reaction of the field upon its circuit so that in general I{t) will not be known.
It is evident from the fact that the field has the uniform value AivNIit) at all points in the air within the section S, that there may be any number N' of equal core wires like the one just considered, in which the field will be given by the expression equation (12), where r is the radial distance of a point from the axis of each wire no matter where it is situated within the section S. If S^. is the crosssectional area occupied by air and S^= N'-jra-^that occupied by the core material of permeability /x so that S = Sa-rS^, then the magnetic flux through S is by equation (12) There is no real value of n for which the denominator in equation (21) vanishes.
When n is real, this constitutes the solution for the periodic case and L' and W are the alternating current inductance and resistance of the circuit. The equations (22) and (23) (45) gives Q(t)= rv{fMt-r)df= rv(t-f)Q{f)dt' (45') and differentiating and noting that Q(o) = i(t)= rv{f)h{t-f)df = F( + 0)O(0+ rV{t-fMt')df (45") Thus if a constant emf of unit value is applied at time t = then I{t) =^( t). Or in words, 9.{t) is the value of the current due to unit emf applied at time / = 0, and held constant thereafter. It is to be noted that 12 (0) is the initial, current in this case and it will always be zero since the circuit must have an inductance L.
Let Tik be the Jc^^root of / {-y/ -in) = 0, the roots being arranged in order of increasing magnitudes of their moduli. Then when t is positive we may deform the path of the n integral in equation (46) indefinitely upward so that it reduces to a series of contour integrals each encircling one and only one pole hi n = n^. By shrinking these loops to infinitesimal circles around these poles and evaluating the integrals by Cauchy's method of residues, we obtain from equation (46) However, if the roots can be found, on the assumption that they are distinct the expression for fl(#) may then be evaluated in case these two roots approach coincidence. When^is small the denominator in equation (49) 
ince the coefficients of equation (55) has an infinite number of positive real roots (corresponding to tune constants of the system). In addition to these, it has two ''principal roots" which are real or complex, depending upon the values of the three parameters.
The real roots may be found as the abscissa of the points of intersection of the curves y(x) and Y{x), where
The curve Y(x) may be plotted once for all as shown in the Figure   5 .
Its infinities are the roots of Joix) = 0, its zeros the roots of J2{x Solving equation (65) for^and placing this value in equation (64) gives the condition for critical damping (when^is small).
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